Structural insights into alcohol dehydrogenases catalyzing asymmetric reductions.
Alcohol dehydrogenases are a group of oxidoreductases that specifically use NAD(P)+ or NAD(P)H as cofactors for electron acceptance or donation and catalyze interconversion between alcohols and corresponding carbonyl compounds. In addition to their physiological roles in metabolizing alcohols and aldehydes or ketones, alcohol dehydrogenases have received considerable attention with respect to their symmetry-breaking traits in catalyzing asymmetric reactions and have Accordingly, they have become widely applied in fine chemical synthesis, particularly in the production of chiral alcohols and hydroxyl compounds that are key elements in the synthesis of active pharmaceutical ingredients (API) employed in the pharmaceutical industry. The application of structural bioinformatics to the study of functional enzymes and recent scientific breakthroughs in modern molecular biotechnology provide us with an effective alternative to gain an understanding of the molecular mechanisms involved in asymmetric bioreactions and in overcoming the limitations of enzyme availability. In this review, we discuss molecular mechanisms underlying alcohol dehydrogenase-mediated asymmetric reactions, based on protein structure-function relationships from domain structure to functional active sites. The molecular principles of the catalytic machinery involving stereochemical recognition and molecular interaction are also addressed. In addition, the diversity of enzymatic functions and properties, for example, enantioselectivity, substrate specificity, cofactor dependence, metal requirement, and stability in terms of organic solvent tolerance and thermostability, are also discussed and based on a comparative analysis of high-resolution 3 D structures of representative alcohol dehydrogenases.